Among nine cyanobacterial strains isolated from oil-contaminated regions in southern Iran, an isolate with maximum cadmium uptake capacity was selected and identified on the basis of analysis of morphological criteria and 16S rRNA gene sequence similarity as Nostoc entophytum (with 99 % similarity). The isolate was tentatively designated N. entophytum ISC32. The phylogenetic affiliation of the isolates was determined on the basis of their 16S rRNA gene sequence. The maximum amount of Cd(II) adsorbed by strain ISC32 was 302.91 mg g 21 from an initial exposure to a solution with a Cd(II) concentration of 150 mg l
. The cadmium uptake by metabolically active cells of cyanobacterial strain N. entophytum ISC32, retained in a clinostat for 6 days to simulate microgravity conditions, was examined and compared with that of ground control samples. N. entophytum ISC32 under the influence of microgravity was able to take up cadmium at amounts up to 29 % higher than those of controls. The activity of antioxidant enzymes including catalase and peroxidase was increased in strain ISC32 exposed to microgravity conditions in a clinostat for 6 days, as catalase activity of the cells was more than three times higher than that of controls. The activity of the peroxidase enzyme increased by 36 % compared with that of the controls. Membrane lipid peroxidation was also increased in the cells retained under microgravity conditions, up to 2.89-fold higher than in non-treated cells. Images obtained using scanning electron microscopy showed that cyanobacterial cells form continuous filaments which are drawn at certain levels, while the cells placed in a clinostat appeared as round-shaped, accumulated together and distorted to some extent.
INTRODUCTION
Rapid technological advances have caused a wide distribution of heavy metal contamination around the globe.
The degree of risk arising from metal pollutants depends on absorption and level of their toxicity. Heavy metals, even at trace-level concentrations, are very toxic and dangerous to the biota. Of all heavy metals, Cd is ranked as the most toxic environmental pollutant owing to its higher water mobility which enables bioaccumulation of Cd in the aquatic environment and ready uptake by animals and plants.
Scientists have long known the beneficial heavy metal biosorption potential of biomass in a range of different microbes; however, figuring out the myriad roles of cyanobacteria for cleaning up heavy metals from the environment still needs to be investigated.
Cyanobacteria or blue-green algae are oxygenic photosynthetic organisms, play a significant role in the production of organic matter and oxygen, and are the largest and most diverse group of photosynthetic prokaryotes that represent the best biological treatment for wastewater, because they increase the O 2 content of water via photosynthesis and sorption of some heavy metals from contaminated waters (Wilde & Benemann, 1993; Elenany & Issa, 2000; Berman-Frank et al., 2003) .
It has become obvious that space has unique conditions including radiation, a high level of vacuum and microgravity. These factors present a critical challenge for any form of life. Life sciences in space research are vitally important for living in space and on other planets for a long period of time. As a matter of fact, space biology refers to research on understanding of biological mechanisms such as the role of gravity at the cellular/molecular levels, biological effects of the radiation, survival factors in the Earth's outer biosphere and applicable features of the use of proper micro-organisms in bioregenerative life support systems. Thus, micro-organisms that thrive in such extreme environmental conditions are highly regarded by space biology scientists (Horneck et al., 2010) . Many studies have shown that changes in gravity can affect physiological characteristics, growth, metabolism reactions, toxin production and cyanobacterial structures. They respond to a wide range of different environmental stresses such as heat, hypoxia, and heavy metals and magnetic field exposure by their cellular defence mechanisms. Due to high adaptation to various stresses and other features such as being a good resource for food, oxygen and biofuel, cyanobacteria are model micro-organisms for the study of space biology and a proper candidate for the ecological life support system (CELSS). Cyanobacteria as biomarkers in ancient rocks and as signs of life on other planets have numerous applications in US National Aeronautics and Space Administration (NASA) space research. Thus, the study of cyanobacteria in terms of weightlessness, space radiation and the physiological and molecular changes that occur is very important. As running lab experiments in space is a complex process and very expensive, much of the research is done on Earth with space simulations. Clinostats can simulate microgravity conditions and have promoted the development of space biology (Liu et al., 1993; Wang et al., 2006; Olsson-Francis & Cockell, 2010; Xiao et al., 2010) . Although clinostats have been widely used to simulate microgravity conditions, most of the studies have concentrated on the effect of microgravity on tissues and cells of higher plants and mammals. No research has, however, been published thus far concerning the effect of microgravity on the ability of cyanobacteria to remove heavy metals as great potential micro-organisms for bioremediation in CELSS.
The data analysis of the current study was conducted in two distinct directions. One was to examine the physicochemical characteristics and sorption isotherm/kinetic behaviour of cadmium ions using metabolically inactive cells of a cyanobacterial strain, and the other was to present, for the first time to our knowledge, the effects of microgravity-induced weightlessness on cadmium uptake capacity of metabolically active cells (living cells) of a cyanobacterial isolate and some aspects of the antioxidant defence systems.
METHODS
Isolation procedure. Soil and water samples were obtained from oilpolluted areas in different stations of Masjed Soleiman (one of the most oil-polluted cities) and Khark Island (southern Iran). Samples were collected, sealed in glass bottles and stored at 4 uC for further analyses. Soil samples were cultured by conventional methods and screening was carried out with agar plates. Various culture media were utilized to isolate different genera. The cultures were kept under continuous illumination (60 mol photon m 22 s 21 ) supplied by six fluorescent lamps and incubated at 30+1 uC. After 1 month, each isolate was distributed on a single agar plate and identified both morphologically and molecularly. The isolates were cultivated in BG11 and BG11 0 (Modiri et al., 2015) solid and liquid media in the absence of EDTA. The purity of the cyanobacterial isolates was checked carefully at regular time intervals using light microscopic analysis and cultivation techniques ensuring axenic cultures of isolates were obtained. The resulting biomass was harvested by centrifugation at 5000 g for 10 min at 4 uC and washed three times with distilled water, freeze-dried (Labconco), ground and passed through a 100-mesh sieve.
Selection of the strain. To select the strain having the highest capacity for biosorption of Cd(II), 50 mg (dry weight) of each lyophilized cynobacterial isolate was added into a 150 ml Erlenmeyer flask containing a 25 ml aliquot of the Cd(II) solution (150 mg Cd(II) l 21 , pH 7.0). The flasks were incubated at 30 uC on a shaker (150 r.p.m.) for 120 min. To avoid metal contamination, all glassware was leached in 3.0 M HCl and rinsed several times with double-deionized water before using. The experiments were conducted in triplicate and Cd(II)-free solutions were used as controls. The cells were centrifuged at 5000 g for 10 min at 4 uC. The amount of Cd(II) in supernatant was measured with a flame atomic absorption spectrophotometer (Shimadzu AA-6800) equipped with a hallow-cathode lamp and air acetylene burner. Subsequently, an isolate was identified with maximum biosorption capacity of Cd(II) in a solution containing 150 mg metal l
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. Phylogenetic analysis of strains. All nine isolates were analysed by 16S rRNA gene sequencing. To extract DNA, fresh biomass was obtained by centrifuging (10 000 g, 15 min) using a Fermentas kit (k0512). For PCR amplification, DNA was first extracted from the cyanobacterial strains, and then PCR was applied using two sets of primers, namely PA (59-AGAGTTTGATCCTGGCTCAG-39) as forward primer and 1492R (59-TTACCTTGTTACGACTT-39) as reverse primer, which amplified a *1400 bp region of the 16S rRNA gene. PCR products were obtained by electrophoresis in 1 % (w/v) agarose gel using TBE (Tris/borate/EDTA) buffer containing DNA set stain (CinnaGen DNA safe Stain; Iran). The sequence data were analysed using BLAST (Basic Local Alignment Search Tool) version 2.2.12 from the National Center for Biotechnology Information.
Metal biosorption studies and effect of chemo-physical factors. To avoid metal contamination, all glassware was pre-cleaned by soaking in 3.0 M HCl and rinsing several times with deionized water. A batch-stirred method was used to evaluate the biosorption of Cd(II). To assess the effect of concentration of Cd(II) on biosorption, the biomass was exposed to solutions of increasing concentration (30, 50, 70,100, 150, 200 and 250 mg l 21 ). Optimal conditions were determined by testing over the following range of conditions: biomass concentrate of 5-35 mg, pH 3.0-8.0, temperature 20-50 uC, and contact time 0-120 min.
Metal biosorption and 3D clinostat to study the influence of simulated weightlessness. To evaluate the effect of microgravity on living cells of Nostoc entophytum ISC32, the isolate in exponential growth phase (BG11 medium) was transferred into tubes on a 3D clinostat (random positioning machine, designed by Medical Nanotechnology and Tissue Engineering Research Center, Iran, 2013) under a simulated microgravity of 10 23 to 10 24 g at 30+1 uC with white fluorescent irradiation (60 mol photon m 22 s
) and aeration with CO 2 -enriched air (5 %, v/v) for 6 days. After 6 days, to examine the effect of microgravity on Cd(II) uptake efficiency, the clinostattreated cells and ground control cells (non-clinostat-treated cells) were exposed to 150 mg Cd(II) l 21 at 30 uC on a shaker (150 r.p.m.) for 120 min. The clinostat-treated cells and ground controls were then centrifuged at 5000 g for 10 min at 4 uC. The amount of Cd(II) in the supernatant was measured with a flame atomic absorption spectrophotometer.
Assay of antioxidant enzymes. The selected cyanobacterial isolate was cultured in a 3D clinostat for 6 days. The cultures were harvested by centrifugation (4000 g, 2 min, 4 uC) and sonicated in ice-cold conditions with sodium phosphate buffer (pH 7). The homogenate was centrifuged (15 000 g, 15 min, 4 uC), and the supernatant was used for spectrophotometric determination of two antioxidative enzymes, catalase and peroxidase. Each enzyme assay was measured in triplicate at room temperature. Catalase activity was evaluated by tracking the reduction of H 2 O 2 at 240 nm. The reaction mixture contained cell extract and 50 mM sodium phosphate buffer (pH 7.0) with addition of 40 mM H 2 O 2 . Peroxidase activity was measured at 470 nm in a reaction mixture composed of guayacol 20 mM and H 2 O 2 40 mM in 25 mM of pH 7.0 sodium phosphate buffer (Chen et al., 2002; Mishra et al., 2006) .
Malondialdehyde content (lipid peroxidation). The effect of simulated microgravity for 6 days on lipid peroxidation of the selected cyanobacterial strain was determined by measuring malondialdehyde (MDA) contents for lipid peroxidation. The TBA (thiobarbituric acid) test was used to measure MDA level as an end product of lipid peroxidation with absorbance measured at 532 nm (Heath & Packer, 1968) .
Microscopy technique. To compare the morphological variations of cells under microgravity-induced conditions and in ground controls, scanning electron microscopy (SEM) was used to determine the morphological changes. To this end, living cells of the cyanobacterial strain were cultivated in BG11 medium and retained in the clinostat for 6 days. As ground control experiments, cyanobacterial cells were cultivated under similar microgravity conditions. Afterwards, the cells were fixed in 3 % glutaraldehyde and washed in buffer phosphate. The samples were centrifuged and dehydrated in increasing concentrations of ethanol, 10, 30, 50, 70 and 100 %, for 5 min each. Consequently, all samples were mounted on metal stubs and coated with a layer of gold. Micrographs were taken on an SEM instrument (Philips XL30).
RESULTS

Isolation and identification of selected cyanobacterial strain
Based on Cd(II) uptake capacity, a total of nine cyanobacterial strains were isolated from three oil-polluted regions in Masjed-Soleiman and Khark in the south of Iran. Among them, only one represented the maximum biosorption capacity and was selected for further investigation and optimization of conditions for Cd(II) removal from metal solutions. The optimum conditions of cadmium biosorption were determined as follows: 5 mg of biomass, 150 mg Cd l 21 (initial concentration), pH 6 at 30 uC, for 120 min (contact time). Table 1 shows related information, including the source of isolation and geological location of the sampling sites, their GenBank accession numbers, and the cadmium uptake capacity of each cyanobacterial isolate. Based on 16S rRNA gene sequence analysis and biochemical tests, the strain with the maximum cadmium uptake capacity was selected and identified as N. entophytum (with 99 % similarity) and designated N. entophytum ISC32 (Fig. 1) .
Effect of chemo-physical factors on Cd(II) biosorption by strain ISC32
Effect of Cd concentration. The current study revealed that the amount of Cd(II) removed by metabolically inactive cells of N. entophytum ISC32 was affected by the initial concentration of Cd(II), when constant biomass concentration (50 mg l 21 ) was used. Initially, the uptake capacity of the cyanobacterial cells for various concentrations of Cd(II) increased from 30 to 150 mg l 21 (Fig. 2 ). It became obvious that higher Cd(II) concentrations did not increase biosorption capacity, but rather capacity decreased after exposure to the highest concentrations (i.e. 200 and 250 mg l
21
). An important factor in metal removal is the specific surface properties of the microorganism. Since the metal is removed primarily by adsorption to the cell surface, these results suggest that the available sites for biosorption are limited at higher metal concentrations, visibly reducing biosorption yield (Vijayaraghavan & Yun, 2008) .
The maximum amount of Cd(II) adsorbed by N. entophytum ISC32 was 302.91 mg g 21 from an initial exposure to a solution with a Cd(II) concentration of 150 mg l
. Therefore, 150 mg Cd(II) l 21 was used for the further optimization process (Fig. 2) .
Effect of biomass. The effect of biosorbent concentration on the uptake of Cd(II) is shown in Fig. 3(a) . With increasing biosorbent mass, the amount of Cd(II) removed per unit biomass was reduced, triggering a decrease in sorption capacity. It may be reasoned that increasing the biomass concentration decreases the available metal ions, thereby increasing the electrostatic reactions and interference between the binding sites and decreasing the mixing rate. Cd(II) removal efficiency was maximal at 5 mg of biosorbent. Nevertheless, further increments in biosorbent concentration led to a decrease in removal of Cd(II). The time-course profile of Cd(II) uptake by N. entophytum ISC32 is shown in Fig. 3(b) . The results suggest the biosorption rate increased rapidly during the first 10 min of contact, and thereafter, slowly 
Cyanospira rippkae CR86F7
Cyanospira rippkae NMBC1
Cyanospira rippkae 7NR8
Cyanospira rippkae CR86F5
Cyanospira rippkae NR3Af
Cyanospira rippkae 8NR8
Nostoc entophytum ISC32
Nostoc carneum BF2 New insight into cadmium uptake by N. entophytum increased until it reached a constant value of Cd(II) concentration after 30 min (equilibrium time). Based on this result, the contact time was set up as 30 min for the other biosorption experiments. The data obtained from this experiment were further used to evaluate the kinetics of the biosorption process. Contact time is of great importance to the process of biosorption and is also dependent on the nature of the sorbent and sorbate. The rapid kinetics of biosorption also has significant practical importance as it facilitates the scale-up of the process to smaller reactor volumes ensuring efficiency and economy.
Effect of temperature. The effect of temperature on biosorption of Cd onto N. entophytum ISC32 was also investigated at temperatures between 20 and 50 uC (Fig. 3c) .
As the temperature increased from 20 to 30 uC, the mobility of Cd(II) and access to binding sites increased with a maximum biosorption occurring at 30 uC. Biosorption capacity at temperatures from 30 to 50 uC remained almost constant. This suggests that temperature was not the critical factor for Cd(II) uptake; rather Cd(II) uptake was energyindependent. Energy-independent mechanisms are less likely to be affected by temperature, since the processes responsible for biosorption in this case seem to be principally physico-chemical (electrostatic forces) in nature.
Effect of pH and contact time on Cd uptake
Most studies show the uptake of metal ions is affected by H + concentration. Thus, determination of optimal pH for maximum metal uptake by cyanobacterial cells is necessary and pH affects both the surface charge and activity of functional groups in the biomass and the degree of ionization of heavy metals in solution (Vijayaraghavan & Yun, 2008) . In this study, as shown in Fig.  3(d) , Cd(II) uptake by N. entophytum ISC32 increased as pH increased from pH 3 to 6. The maximum Cd(II) uptake was obtained at pH 6.0 (217.9 mg g 21 ). At low pH, the cell surface sites are closely bound to H + , thereby making these sites unavailable for Cd(II) cations. This pH dependence suggests a competition between metallic ions and protons for the same binding sites, as in this pH range Cd(II) is present as cations. The cell wall contains amines, amides and carboxylic functional groups that are protonated or deprotonated, depending on the pH of the aqueous medium. It has been observed that at a pH higher than pH 6 to 8, Cd(II) removal efficiency is reduced owing to the precipitation of insoluble metal hydroxides, which may also affect the sorption process. Data of contact time showed that biosorption occurs very rapidly within the first 30 min as a spontaneous process. Sorption kinetics in a biosorption process is significant, as it provides valuable insights into reaction pathways and the mechanism of sorption reaction. Isotherm and kinetic parameters were determined for the biosorption of Cd by N. entophytum ISC32 and the results are shown in Table 2 .
Effect of microgravity on cadmium uptake and growth of strain ISC32
The cadmium uptake by metabolically active cells of cyanobacterial strain N. entophytum ISC32 retained in a clinostat for 6 days to simulate microgravity conditions was examined and compared with that of ground control samples. N. entophytum ISC32 under the influence of microgravity in a clinostat was able to take up cadmium more readily with a statistically significant increase in the absorption than the ground control groups. Microgravity-simulating conditions showed a 29 % increase in cadmium uptake as compared with the control groups. The results showed that microgravity leads to increased cadmium uptake in the selected cyanobacterial strain (Fig. 4a, Table 3 ).
The cell growth curve under stimulated microgravity conditions compared with ground controls showed that the growth of clinostat-treated N. entophytum ISC32 cells was slower than that of ground control samples (data not shown).
Effect of microgravity on the activity of antioxidant enzymes (catalase and peroxidase)
In this study, the activity of the antioxidant enzymes, including catalase and peroxidase, was measured and evaluated in the selected cyanobacterial isolate N. entophytum ISC32 after exposure to microgravity conditions for 6 days in a clinostat. The results showed that a microgravity simulator (clinostat) causes stress in cells and increases the activity of catalase and peroxidase (Fig. 4b, c) . A significant increase occurred in the activity levels of both enzymes compared with the control groups (ground conditions) as catalase activity of the cells placed in a clinostat was increased to more than three times that of control samples. The activity of the peroxidase enzyme increased by 36 % compared with the control samples as well. Peroxidases are a large family of enzymes associated with the ascorbate-glutathione reductase cycle that are capable of converting the hydrogen peroxide to water. Many researchers have indicated that the activities of these enzymes can be a key factor for the protection of cells against environmental stresses (Meloni et al., 2003) .
Effect of microgravity on membrane lipid peroxidation in the selected cyanobacterial strain N. entophytum ISC32 strain exposed to microgravity in a 3D-clinostat for 6 days was examined for membrane lipid peroxidation or MDA production. The results showed that the effect of microgravity on cyanobacterial cells can cause tension or stress, leading to a significant increase of membrane lipid peroxidation or MDA product compared with controls. Membrane lipid peroxidation was increased in the cells retained under microgravity conditions up to 2.89-fold higher than in the control, non-treated cells (Fig. 4d) . In other words, microgravity-induced membrane lipid peroxidation nearly tripled in conditions generated by the clinostat.
Effect of microgravity on the morphology of the selected cyanobacterial strain Fig. 5(a, b) obtained by SEM showed that the morphology and appearance of the cells after 6 days of exposure to microgravity in the simulator (clinostat) had changed. In ground controls, cyanobacterial cells formed continuous filaments which were drawn at certain levels, while the cells placed in a clinostat appeared as round and accumulated together. In addition, the cells were distorted to some extent; deformations of the cell shape and cell aggregation intensified and unknown mass can be seen together. N. entophytum ISC32 cells after 6 days of being maintained in a clinostat compacted together to form a dense cell mass with surface wrinkling.
DISCUSSION
Cyanobacteria are gaining more and more attention not only for bioenergy-production aspects but also for their increased ability to remove heavy metals from wastewaters. They can be grown on marginal land, in open or closed systems, using seawater or effluents from wastewater treatment plants, coupling fuel production with bioremediation. In addition to those already discovered, novel strains of cyanobacteria will continue to be explored especially for bioremediation strategies and cleaning up pollution. The results obtained from the present study, are another interesting example of the use of an indigenous cyanobacterium, identified and designated N. entophytum ISC32, with highest capacity for Cd(II) uptake. The maximum uptake capacity of Cd(II) ions was estimated to be 333.33 mg g
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. Biomass of N. entophytum ISC32 with rapid biosorption rate (30 min), low biomass concentration (5 mg) and high capacity of Cd (II) absorption (q experimental: 302.91 mg g 21 in 150 mg Cd(II) l 21 ) appears to be a promising candidate comparable with other biosorbents for designing biosorption systems for the removal of cadmium from polluted wastewaters.
Corresponding to the proper shipping of biological materials to space and established biomedical laboratories, spacebiology-related basic and applied research has become more important than ever. Studies have shown that the effect of microgravity not only at the macroscopic level (organs and systems), but also at the microscopic level has led to many changes in performance of gene expression and cell physiology . A part of this research was conducted to evaluate the effects of simulated microgravity in a 3D clinostat on biological parameters of metabolically active cells of N. entophytum ISC32. The question arises as to whether cyanobacteria, as the oldest and most basic known photosynthetic forms, discern microgravity as a tension or stress? Cyanobacteria are photosynthetic organisms, producing biomass with high nutrient contents, and can be very important as an oxygen producer in space-related research, particularly as food and supplements in the backup systems or spacecraft to the international space station. Unicellular diazotrophic cyanobacterium Cyanothece sp. ATCC 51142 has been considered as a safe and effective candidate in controlled life support systems. The main features of this cyanobacterium that can be used as an alternative for physico-chemical systems New insight into cadmium uptake by N. entophytum in life support systems of spacecraft and space stations are its rapid growth under different environmental conditions, production of usable nitrogen, and ability to regulate proper oxygen and carbon dioxide exchange (Arieli et al., 1996) . Therefore, the study of comparative physiology of these micro-organisms under these circumstances and the effect of space microgravity on cell physiology undergoing changes upon simulation is of great importance.
Heavy metal stress in cyanobacteria can create numerous physiological and biochemical responses in the cell. Therefore, the aim of running microgravity-induced experiments was to determine whether these conditions affect the biological uptake of cadmium. The results showed that the cadmium uptake by N. entophytum ISC32 in microgravity-induced conditions was significantly higher than that of the ground control groups. It is highly likely that the metal ion pumps and channels on the cell surface become more permeable in cyanobacterial cells retained in microgravity stress conditions, and selective control of the entry and exit of different compounds is more reduced. Accordingly, the ability of the cell to absorb cadmium occurred rapidly, resulting in high cadmium uptake. Spacecraft environments, water and other equipment for various activities contain metallic and non-metallic particles and other contaminants that in an extended mission can be very dangerous to spacecraft and space station crew. Therefore, cyanobacteria as dietary supplements and oxygenproducers, with a superior capability for removal of these toxic metals, can play a very significant role in the renewable life support systems in future space missions.
The analysis of membrane lipid peroxidation in N. entophytum ISC32 in simulated microgravity conditions showed that MDA levels were significantly increased, as levels were approximately 2.89-fold greater than those in ground controls. In a previous study, the effect of microgravity simulation on the function and structure of the plasma membrane of the cyanobacteria Anabaena sp. PCC7120 and Synechococcus sp. 7942 was explored. The results showed that simulated microgravity leads to an increase in membrane permeability and membrane lipid peroxidation. It was proposed that the cell membrane in these cyanobacteria might be able to sense the gravity signal, although there is not a common specific structure for this purpose (Li et al., 2002) . In the present study, changes of antioxidant enzymes imposed by microgravity conditions in ISC32 strain was significant and an increase in catalase and peroxidase activities occurred in microgravity conditions compared with control samples. Several studies have reported that changes in gravity may affect the growth and physiological characteristics of microalgae. These effects include changes in intracellular fluids, reduction in photosynthesis and starch contents . Li et al. (2004) reported that an increase in the level of free radicals occurred in Anabaena sp. PCC7120 under simulated microgravity conditions on a clinostat so that the activity of the total antioxidant enzymic system including catalase and superoxide dismutase was increased in this cyanobacterium. This indicates the possibility of an important protective mechanism in cyanobacteria, signifying a proper acclimation to dynamic changes in various environmental conditions including microgravity-induced conditions.
The reason for the change in cell appearance could be the lack of a cytoskeleton structure in cyanobacterial cells. However, some divergent actin-like filaments have been identified in cyanobacteria that may have depolymerized in microgravity-induced conditions, leading to the change of tubular cell structure. Researchers could identify an actin homologue called ActM in the cyanobacterium Microcystis aeruginosa whose gene sequence had 65 % similarity with the eukaryotic actin gene and which plays a role in structural performance as a crusty layer situated in the peripheral of the cell layers (Guljamow et al., 2012) . Another likely reason for the change in cell shape and density under microgravity-induced conditions can be raised by the secretion of materials or compounds to outside the cell surface, leading to changes in cyanobacterial cell shape and appearance. Electron microscopy studies have also shown that some changes in morphology are caused by the secretion of extracellular polymeric substances during the biosorption process (Lu et al., 2006) . Microgravity-induced conditions may also lead to the release of such compounds to the outer surface of the cell.
CONCLUSION
Despite extensive searches, so far to our knowledge no studies have assessed the potential impact of microgravity on biosorption of heavy metals by cyanobacterial cells. Finding resistant strains of cyanobacteria similar to N. entophytum ISC32 is required for their effective life under extreme environmental conditions such as high concentrations of cadmium toxicity by increasing the activity of antioxidant enzymes. Precise selection of these bacterial strains as appropriate candidates for bioremediation plays an important role in the development of life on Mars and other planets. Currently, this is the subject of extensive research by NASA. Today, research on the ground, which is far less expensive than space, using gravity simulator devices (clinostat), has enabled researchers to monitor any possible changes occurring in these micro-organisms under stressful conditions, such as the space environment.
Overall, the results of this study suggest the cyanobacterial strain N. entophytum ISC32 may be used as a reliable biological system for the environmental bioremediation of Cd pollution in the environment.
